INTRODUCTION
very concept of growing plants in containers limits plant growth (Poorter et al. 2012) , however, further measures are necessary for obtaining a plant quality which is desirable. In general, retailers and consumers would prefer a plant which is compact without too long internodes, and rich in branching and flowers. The colour of the canopy should be dark green. Apart from satisfying consumer preferences, compact plants have other advantages. When reducing plant size, more plants per m 2 can be produced, thus increasing the profitability for the grower. A smaller plant will also take less space during transportation, as the distance between the shelves in transportation containers normally restricts plant height to 25 cm (Bañón et al. 2002) . A smaller plant will also be less exposed to damage during transportation.
Today, chemical growth retardants such as daminozide, flurprimidol, chlormequat chloride, paclobutrazol, etephon and ancymidol are generally used in floriculture. Their general mode of action is to inhibit the biosynthesis of gibberellin, which is a growth hormone with the largest influence on plant (cell) elongation. In the present situation, chemical growth regulation is still important for floriculture with advantages such as high efficiency, moderate cost and high controllability. It gives the grower the possibility to really fine-tune his production, and, if applied as sprays, the retardants have the advantage of being "self-regulating", i.e. a larger plant will collect more spraying fluid and thus be more strongly suppressed. However, the availability of chemical growth retardants is restricted by the authorities in many countries, due to environmental and workers' health aspects. Consumers are also concerned that the plants they bring into their homes have been treated with chemicals. For vegetable transplants, chemical growth control is already not possible in a number of countries. For bedding plants, treatment with chemical growth regulators will slow down plant development at the consumer's end, possibly leading to less satisfied consumers. Municipalities in some Swedish cities are demanding that plants they buy for public plantings should not be treated with chemical growth retardants. Increasing ambient levels of CO 2 in the atmosphere will also lead to a more vigorous growth of greenhousegrown ornamentals, leading to increased needs for active growth control. Thus, there is a strong demand for alternative methods of controlling plant growth.
The task of controlling growth has occupied horticultural scientists for the last couple of decades. Technological developments with the introduction of computerized climate controls, more sophisticated shading screens and lighting systems have increased the possibilities for growers to control their plants carefully, but also developments within the biotechnology field have opened up new possibilities for developing the perfect plant. By combining chemical retardants with other ways of controlling growth, good results can be obtained with limited ecological impact. This paper is reviewing the current methods of controlling growth in potted greenhouse crops.
THE SIGNIFICANCE OF PLANT GROWTH REGULATION
Chemical growth regulation has been and still is a crucial factor for the floricultural industry. Skytt Andersen and Andersen (2000) state that growth regulation is a "necessary prerequisite for the introduction of new plants". Broadly introduced in the 1960s, the chemical plant growth regulators (PGRs) started a revolution in new potted ornamental crops, and a shift in production from mainly cut flowers to mainly potted flowers in many European countries. Although important to the floriculture industry, growth regulation chemicals only account for around 3-4% of the turnover of agrochemical companies. It is also a non-growing market, thus reducing the incentives for devoting a great deal of research and development into this group of agrochemicals Bucci 2002, Rademacher 2015 
GENETIC MATERIAL AND PLANT MANAGEMENT
Selection and breeding for more compact cultivars has been one of the main scopes of ornamental plant breeding for the past decades. Long-time running breeding programmes led by multinational breeding companies have been most successful in creating ever new varieties with new flower colours and better shelf-life. However, when it comes to breeding for compactness, development has been slower. Bhattacharya et al. (2010) suggest that the limited gene pool and the fact that competition in nature has favoured strong-growing clones are making traditional breeding for compact varieties troublesome. Also Schum (2003) names the limited availability of genes as a major obstacle to mutation breeding. However, the introduction of biotechnology has improved the possibilities of creating new varieties that match the desired properties to a large extent. Genetic modification of Kalanchoë to reduce internode length was suggested by Lütken et al. (2010) and by Teixeira da Silva (2004) to alter the morphogenesis in Chrysanthemum. Islam et al. (2013) inserted a "short internode gene" from Arabidopsis into Poinsettia using Agrobacterium, which resulted in a reduction in shoot length by up to 50%. Genetic modification using biotechnology seems to have great potential; however, the resistance from consumers and authorities against GMO crops is a problem, especially in Europe, even if it may be a little less difficult to gain acceptance for using this technology in non-edible crops (Bhattacharya et al. 2010) . Another drawback in using weakly growing cultivars is that once such a cultivar is chosen, the grower has reduced his options for controlling growth, and might end up with too small end products.
Breeding for compact cultivars might be the way to go when it comes to pot plants for indoor use; however, for bedding plants intended for outdoor use significant growth after transplanting by the end consumer is preferable, making too compact growing cultivars troublesome, as their growth at the end consumer will be limited. Plants genetically prone to compact growth will have lower "garden performance" at the consumer's end.
TEMPERATURE MANAGEMENT
Regulation of temperature has always been one of the most central measures in greenhouse horticulture. One of the first to systematically analyse the impact of temperature on growth and development of horticultural crops was Went (1944) . He found that not only does the average daily temperature affect growth, but fluctuations between day temperature (DT) and night temperature (NT) have a great impact on plant growth, and, therefore, he coined the term "Thermoperiodicity". He also concluded that fluctuating temperatures were beneficial for plant growth, and that a positive DIF (day temperature higher than night temperature) would increase stem elongation. One of the first to acknowledge the usefulness of negative DIF (night temperature higher than day temperature) for horticultural purposes was Tangerås (1979) , who showed that a negative DIF (DIF being the difference between NT and DT) reduced stem elongation in Fuchsia × hybrida. From there on, a great deal of work was done on negative DIF in various greenhouse crops. Moe (1990) demonstrated a reduction in stem length in Campanula isophylla by up to 50% when changing from DIF +10 to DIF -10, and established a quantitative relationship between DIF and stem elongation. Also Jensen et al. (1996) were able to reduce stem length in Campanula by applying a negative DIF. Moe et al. (1995) as well as Myster et al. (1997) found that stem elongation in Begonia was reduced by a negative DIF. Jacobsen and Amsen (1990) as well as Bertram (1992) , and Cuijpers and Vogelezang (1992) made similar observations for Chrysanthemum. For Poinsettia, the usefulness of negative DIF was suggested by Cockshull et al. (1995) and Cuijpers and Vogelezang (1992) . For cucumber, a reduction in stem length by up to 27% was observed under negative DIF compared with positive DIF (Grindal Patil and Moe 2009) . Also in lilies, Lilium longifolium, Miller et al. (1993) found that negative DIF greatly reduced not only stem length but also leaf dry weight compared with positive DIF, and without delaying anthesis. However, for Kalanchoe a negative DIF was not recommended (Kresten Jensen 1994) .
The plant physiological responses to DIF are suggested to be related to gibberellin synthesis (Jensen et al. 1996 , Grindal et al. 1998 . Transformation of the active form GA 1 to the inactive form GA 8 via 2β-hydroxylation, which in turn is regulated via the phytochrome system, is a major factor (Grindal et al. 1998) .
However, despite the numerous publications on the effects of negative DIF, the concept of negative DIF is not without controversy. Carvalho et al. (2002) suggest that DIF effects are merely a result of the day and night temperatures as such, rather than the actual difference. Langton and Cockshull (1997) call the negative DIF concept an "artefact" lacking biological significance. Using negative DIF is also connected with practical implications such as problems of obtaining low temperatures during daytime in summer. As increased nighttime temperatures are used as part of the concept, negative DIF will increase energy consumption, thus the use of DIF will also have a negative environmental impact. Generally, increasing the greenhouse temperature set point by 1°C will increase energy consumption by 10% (Tantau 1998). These factors have prevented the negative DIF concept from winning wide-spread acceptance among growers.
Another way of controlling elongation by temperature which is related to negative DIF is by using temperature-drop. This concept involves a fast reduction in temperature for a few hours around the shift from scotoperiod (dark) to photoperiod (light) (Moe et al. 1992) . Also the term "pulse-DIF" is used for this practice (Kresten Jensen 1994) . It is normally assumed that stem elongation reaches its maximum around daybreak (Bertram 1992) , so probably the drop concept simply acts by slowing the cell division process when it is at its highest, thereby reducing elongation. Grindal and Moe (1994) found that a drop in temperature from 18°C to 12°C for two hours just before daybreak reduced stem length, plant height and peduncle length in Begonia. They also concluded that temperature drop has greatest effect in short-day plants (SDP). Moe et al. (1992) showed that a 2-hour drop from 19°C to 13°C just before or after the beginning of the photoperiod reduced stem length in Poinsettia by 25% without reducing plant width or bract size, but with a 3.5 days delay in plant development. However, applying the same drop in the middle of the scotoperiod did not have any significant effects, supporting the theory that the drop needs to occur close to daybreak. Moe et al. (1995) demonstrated a reduction in plant height in Campanula using temperature drop, with the effect being more pronounced with increased duration of the drop. They also reported a somewhat delayed crop development as a result of temperature drop treatments, as did Moe et al. (1992) . Also Cockshull et al. (1995) proved temperature drop useful in controlling stem elongation in Chrysanthemum and Poinsettia. Ihlebekk et al. (1994) demonstrated reductions in stem length by up to 29% when applying temperature drop in Campanula, indicating the involvement of GA in the mode of action for temperature drop.
The use of morning temperature drops seems like a more feasible solution than negative DIF, as it can be combined with temperature integration strategies and dynamic climate control, as suggested by Tantau (1998) and Ottosen et al. (2004) . Dynamic climate control allows higher temperatures during daytime (when the sun is heating the greenhouse) and compensates by lower temperatures during night-time, which reduces energy consumption. By applying the lower night temperature as a drop at the end of the night, a reduction in elongation can be obtained at the same time as energy consumption is reduced compared with conventional heating strategies (Möller-Nielsen, pers. comm. 2014).
MECHANICAL GROWTH REGULATION
Mimicking the wind's sweeping of plants as a way of keeping them compact is probably one of the oldest known methods for growth control. Two different processes are involved in the concept of mechanical stress in plants: seismic and thigmic stress. Seismic stress is referring generally to the shaking of plants, whereas thigmic stress more specifically refers to the bending of shoots (Latimer and Mitchell 1988) . Mechanical stress might reduce stem length, but also growth in terms of leaf area and shoot fresh and dry weight (Latimer and Mitchell 1988) . The use of seismomorphogenetic stress as a means of controlling growth in horticultural plants has been investigated by several authors. Autio et al. (1994) used brushing with burlap and found significant reduction in plant height of Aster and Petunia when plants were brushed daily for 60-180 minutes. demonstrated a reduction in shoot length in transplants of Pelargonium, Impatiens, Petunia and Viola when plants were agitated every 10 minutes. However, leaf damage occurred. obtained a reduction in stem length with up to 30% without a reduction in biomass when tomato seedlings were brushed daily 30 times.
Mechanical growth control seems to be feasible for young plants, and can easily be automatized using ramps travelling over the crop for brushing. This method will, however, like other growth regulation methods connected with the greenhouse climate, have its limitations if more than one species or cultivar is cultivated in the same greenhouse compartment. The risk of leaf damage also limits the use of mechanical growth control in the production of potted ornamental crops.
FERTIGATION MANAGEMENT
Restriction of water and nutrient availability by using a limited volume of root mass is one of the basic principles of pot plant production. Poorter et al. (2012) used meta-analysis to establish a relationship between pot size and plant size, where restriction in water and nutrient availability is the reason for the restriction of plant growth. However, irrigation management will have great influence on plant growth. Keeping plants "on the dry side" is commonly used by growers as a standard means of restricting elongation. However, decisions on irrigation are in practice often taken subjectively, by weighing a pot in the hand in what has sometimes been referred to as "the golden grip" ). Here, the growers' skills are important factors. Technical limitations of irrigation systems, such as limited capacity and long cycles, might also contribute to the growers' decision on irrigation. The decision on the initiation of an irrigation cycle might also be taken based on technical measurements with irradiation meters ), dendrometers (MirallesCrespo et al. 2010) or sensors measuring soil moisture (Caron et al. 2002) . If the decision on irrigation is taken strictly on the basis of measured physical parameters, modifications of the irrigation strategy are easier to undertake. Restriction of nutrient availability is advantageously oriented towards those nutrients where deficiency symptoms do not decrease the ornamental value of the plant. For ornamental plants, a high supply of potassium (K) is generally recommended (Neto et al. 2015) . As a general basic nutrient composition, N-P-K 20-10-24 has been recommended (Nelson 1998). Restricting nitrogen availability would reduce growth and was suggested by Starkey and Andersson (2000) . Nitrogen deficiency also causes pale leaf colour and possibly leaf senescence, causing a significant reduction in ornamental value. However, a "dynamic" supply of nitrogen has been suggested as a way of overcoming this problem (Hansen et al. 2003) . Restriction of phosphorus seems a more feasible solution for growth control, as phosphorus deficiency causes stunting of plants, but with maintaining a dark green colour of leaves (Benton Jones 1998). The use of controlled phosphorus deficiency for controlling growth of ornamental plants was also suggested by Baas et al. (1993) .
Hansen and Nielsen (2001) demonstrated growth regulating effects in Euphorbia pulcherrima, Aster
Novi-belgii, Argyranthemum frutescens and Pentas lanceolata when the P-supply was reduced to 5% of the normally recommended dosage. However, there is a significant challenge in supplying accurate levels of phosphorus to obtain the desired effects. Using phosphorus buffers in the growing medium, as suggested by Hansen and Nielsen (2001) might be a feasible way.
LIGHT MANAGEMENT
Light is the most important factor for plant growth and the quality and quantity of light will greatly affect plant growth. In the early days of greenhouse horticulture, light was not controlled to any great extent. The only method available to the grower of the early 1900's was whitewashing of the glass, to some extent reducing excessive radiation and heat. Around 1930 the use of supplementary lighting was introduced. Incandescent tubes, neon tubes or mercury vapour lamps were used to support growth during winter months. Later photoperiodic lighting, commonly using incandescent bulbs, was introduced for controlling flowering in shortand long-day plants. Automatically operated shading screens were also introduced as a way of saving the labour costs of whitewashing, and to be able to control the light influx a little more precisely. In the 1950's, short-day plants such as Chrysanthemum were introduced into large-scale production featuring flowering control with black plastic, normally manually operated, used for controlling photoperiod and inducing flowering. Light is an important tool in the grower's tool box for controlling the growth of his plants (Folta and Childers 2008, van Ieperen 2012) . In modern greenhouses of today, the grower can manipulate light with respect to 1). Intensity (increasing by artificial lighting or decreasing using shading curtains), 2). Photoperiod (extending by using artificial light or shortening by using blackout screens), and 3). Quality (complement the natural light with artificial light of a certain quality, or filter the natural light to reduce the occurrence of certain wavelengths). All these measures will affect plant growth and morphology.
Photoperiod controls flower induction in many common floricultural plant species like Kalanchoe, Poinsettia, and Campanula. The role of photoperiodic control in the flowering regulation of poinsettia was described by Parker et al. (1950) , ultimately leading to the commercial introduction of poinsettia, and other short-day plants, in horticulture in the 1950s and onwards. For flower induction of long-day plants, light from incandescent bulbs has traditionally been used at low intensities. Attempts have been made to replace the incandescent bulbs with fluorescent lights. However, due to the low emission of far red light from this lamp type, such a replacement might delay flowering, but also, for some species, reduce elongation (Runkle et al. 2012) . Using LED-based light makes it possible to design a "flowering-control spectrum", resembling the spectrum of an incandescent lamp, but with lower energy consumption and a longer life span.
Reduced photoperiod is also known to reduce elongation. This was suggested to be either due to the restriction of assimilates (Warrington and Norton 1991), or to the fact that gibberellin production is light dependent (Yamaguchi 2008 (2012) developed the concept for several bedding plants, including Calibrachoa, Pelargonium, Petunia and Scaevola. A strong reduction in shoot elongation was obtained in Calibrachoa, Scaevola and Petunia when a two-week period with a short photoperiod (6 or 8 h) was applied in the middle or at the end of crop cultivation. Even if flower buds were initiated already at the onset of the short-day treatment, as plants are LDP, flowering was somewhat delayed due to the short-day treatment. For the daylength-neutral Pelargonium, responses to short photoperiods were less apparent but significant. In addition to the fact that gibberellin production is dependent on photoperiod rather than the amount of light (Yamaguchi 2008) , the exclusion of the far-red rich evening light by blackout screens is probably also part of the explanation. Also diffusing the light, using a covering material with a haze factor, might improve plant quality parameters such as leaf area, the number of lateral shoots and fresh weight (Markvart et al. 2010) . For plant types with a determinate growth pattern, early flower initiation (using photoperiodic control) will act as growth regulation.
It has been known for a long time that the red:far red (R:FR) ratio of light is important for controlling the growth via its direct impact on the phytochrome system, in turn regulating the gibberellic acid synthesis. The phytochrome photostationary state can be calculated for each light spectrum as described by Sager et al. (1988) . Stem elongation is inversely proportional to φ (P fr :P total ) Smith 1976, Morgan and Smith 1979) . Sunlight has an R:FR ratio of around 1. The R:FR responses of plants have an important ecological role in controlling shade-avoidance reactions (elongation). Therefore, modification of the natural daylight using spectral filters has attracted a lot of interest. Filters can be either fluid (e.g. CuSO 4 filters) or solid (plastic screens) (Rajapakse and Kelly 1995). The filter might be an integrated part of the greenhouse cladding material, or mounted inside the greenhouse as an extra screen. Van Haeringen et al. (1998) reduced plant height and internodal length of Chrysanthemum and Antirrhinum using solid filters that reduced the FR portion of the light. However, flowering was delayed, which was probably attributable to the fact that flowering is controlled by the far-red light. Khattak et al. (2004) similarly demonstrated a 19% reduction in the plant height of Chrysanthemum using filters increasing the R:FR ratio. Similar results were demonstrated by Tatineni et al. (2000) . Mata and Botto (2009) were able to reduce plant height in Poinsettia up to 17% using FR-reducing films, and stated that the effect was within the same range as that obtained after applying PGRs. McMahon and Kelly (1990) used CuSO 4 filters and were able to reduce plant height of potted roses by 25-35%, and at the same time got a higher chlorophyll content of the leaves. Mortensen and Strømme (1987) also used fluid filters and obtained significant reductions in stem elongation of tomato, stating alterations of R:FR ratio as a plausible explanation. Runkle and Heins (2001) used FR reducing films to reduce stem extension in Campanula, Coreopsis, Lobelia and Pisum. Cerny et al. (2003) presented similar results for Zinnia, Cosmos, Chrysanthemum, Antirrhinum and Petunia. Rosa, however, was found to be less sensitive to the manipulated R:FR ratio. In cucumber, stem length was reduced up to 52% when using FR-selective filters Moe 2009). Li et al. (2003) used FR-absorbing filters in Chrysanthemum and found reductions in plant height up to 18%. However, the development was slowed and also the amount and size of flowers was reduced, which was speculated to be connected with a lower total light integral. Clifford et al. (2004) demonstrate that filters reducing FR are almost as affective as two treatments with CCC in controlling the height of Poinsettia, but also that the time to anthesis is prolonged by 6 days due to a lower total light integral. In contrast, Mortensen and Strømme (1987) were not able to affect the plant height of Poinsettia by using blue, green, yellow or red spectra. Clifford et al. (2004) suggest movable screens, applied only in the morning and afternoon when the R:FR ratio of the natural light is at its lowest.
Filters creating a blue-biased light are also of interest. Already in 1965 Evans et al. demonstrated the hypocotyl length-reducing effect of blue filters. Increasing the B:R-ratio from 0.98 to 85.5 using spectral filters was proven to strongly reduce stem elongation of Chrysanthemum (Oyaert et al. 1995) . Also Lykas et al. (2008) used filters increasing B:R ratio to decrease plant height in Gardenia. However, it is also stated that increasing the proportion of blue light is only effective if FR is present (Casal and Smith 1989) . Khattak and Pearson (2006) found reduced plant height and internodal length in Chrysanthemum when applying blue filters, especially during low light conditions. Cummings et al. (2008) found reduced stem length in Pisum when grown under blue nets, and drew the conclusion that a Chryptochrome-dependent reaction is responsible for this phenomenon.
Using spectral filters, for example integrated as a dye in greenhouse cladding materials, seems like a feasible solution in many cases. It might be feasible especially if the greenhouse is situated in an area with high levels of radiation, where the loss in light transmission due to the filter might be less significant. For cultivation at higher latitudes (> 50°N), natural daylight irradiation is normally suboptimal during 5-7 months per year (Mortensen 2014). At the same time, there is often a demand for heating the greenhouse due to low outside temperatures. Applying spectral filters would possibly lead to an increased demand for heating, and also reduce the light influx. Therefore, manipulating the spectral environment by amending narrow-band light (NBL) to the natural sunlight is an interesting solution. Supplementary lighting is a prerequisite for producing high-quality plants during winter months in the north (Mortensen 2014). All commercially available technologies for supplementary lighting emit a spectrum deviating from that of the sun, thus affecting the spectral quality of the light supplied to the plants (Table 1) .
With the introduction of LED-technology, new possibilities for actively controlling the spectral distribution of light have opened up (Morrow 2008) . Adjusting the amount of red and blue light in the spectrum, as well as the red:far red ratio, are interesting possibilities for modulating stem elongation. Currey and Lopez (2013) stated that enriching the natural light with narrow-band light would not affect plant growth much. However, Islam et al. (2012) ) in combination with natural sunlight.
Applying End-of-day (EOD) treatments with red light is one method where a low input of light can have a great influence on plant elongation. According to Decoteau and Friend (1991) , shoot length of tomato can be reduced by applying a 15 min. period of red light (peak wavelength 640 nm) at the end of the photoperiod. Hatt Graham and Decoteau (1995) demonstrated similar effects in bell pepper by applying a 1 h EOD-treatment with white fluorescent light. Hatt Graham and Decoteau (1995) also stated that different species differ in their response to EOD treatments, with pepper being more sensitive than tomato. Also Islam et al. (2012) et al. (2012) also found that the response to EODtreatments was dependent on light quality during the main photoperiod, i.e., when using a "main" light rich in blue, the effect of red EOD-light was reduced. Also Vince-Prue (1977) and Xiong et al. (2002) found that EOD-treatments with red light reduced internode length in Fuchsia and cucumber, respectively. Yang et al. (2012) suggested the use of EOD-treatments with far-red light as a means of increasing the length of the hypocotyl in plants designated for grafting. Using LED-technology with pure narrow-band light and low energy consumption in combination with the use of blackout screens to exclude the twilight from the greenhouse seems a promising method for growth regulation using light. The most efficient quality and quantity of the light used for EOD-treatments, and the response of different plant species to EOD-treatments, still needs further investigation.
OTHER METHODS
Reduced humidity or salt stress induced, for example, with potassium sulphate, are growth control measures that are related to water stress (Hendriks and Ueber 1995). Pinching will reduce apical elongation and result in bushier plants with a lower total plant height. It might be labour intensive but is a common cultural practice used in commercial nurseries (Norcini et al. 1996) . Use of compounds not registered as agrochemicals is another option. Ethanol treatments to induce compact growth in Kalanchoë was suggested by Mibus et al. (2014) . Plant extracts are also suggested for growth regulation purposes (Alexenizer and Dorn 2007) .
CONCLUSIONS
The transformation of wild plants into relatively small indoor ornamental plants involves many different practices, which can be symbolized with a "growth regulation pyramid", Figure 1 . Chemical growth regulators should be used as a last resort, but have been, and still are, an important production factor in the floriculture industry. However, in many countries we are facing a phase-out of chemical growth regulators due to decisions by authorities and to consumer preferences. Technological development, both in greenhouses and biotechnology, improves the possibilities of a chemical-free ornamental crop production. Breeding and biotechnology have the potential to solve growth control issues for most indoor ornamentals. However, authority regulations regarding genetically modified crops are restricting the development in this field. Traditional breeding has also been successful in creating compactgrowing cultivars within a longer timeframe.
For bedding plants, weakly-growing cultivars are undesirable. Here, different climatic measures during plant production will continue to be the major method of controlling growth. Better climate control with new types of sensors and improved computer programs will improve the possibilities for successfully steering crop development using parameters such as irrigation, temperature and humidity. In addition, light management using photoperiodic control and semi-conductor based light sources providing narrow-band light seems very promising. It seems reasonable to expect that successful production of both ornamental pot-and bedding plants without chemical growth regulators will be possible within a few years.
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